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    Film and coating materials have been widely used in the fields of electrics and electronics, 
optics, thermotics, magnetics, and mechanics, among others. In recent years, without the 
development of film and coating materials, we could not make any great progress in highly 
integrated electronic circuits, gas turbine engines, sensors, actuators and so on. They are usually 
prepared by physical vapor deposition (PVD) and chemical vapor deposition (CVD), among others. 
However, there are some disadvantages, such as high preparation cost, complex equipments and 
complicated procedure, hindering these techniques.  
    As a novel preparation method of films and coatings, mechanical coating technique (MCT) 
derived from mechanical alloy (MA) has attracted more and more attention. It can be used to prepare 
metallic coatings, nanocrystalline coatings, solid solution coatings, composite coatings and so on. 
However, MCT is still at its primary stage and the relevant theory has not been established. Its 
detailed process is still unknown till now. The condition have hindered its development and practical 
application. Therefore, this work was set about in this paper. The aims of the present work are listed 
as follows: (1) Investigation of MCT process and relevant mechanisms; (2) Theory establishment of 
metal coatings' evolution; (3) Analysis on the influence of processing parameters on metal coatings' 
evolution; (4) Analysis on the energy transfer and consumption during MCT; (5) As a practical 
application of MCT, TiO2/metal composite photocatalyst films were prepared by MCT and the 
photocatalytic activity of TiO2/metal composite films was improved. 
    Metal powders including Cu, Ti, Fe, Ni and Zn were used to prepare their corresponding metal 
coatings on alumina (Al2O3) balls by MCT. All the metals except Ni formed continuous coatings on 
Al2O3 balls and the proper processing parameters including rotation speed and MCT time were 
determined. The characterization of these metal coatings was also performed by X-ray diffraction 
(XRD), Scanning Electron Microscopy (SEM), and Energy Dispersive Spectrometer (EDS), among 
others. The results showed that the thickness calculated by weight increment were smaller than those 
measured from SEM images. It is mainly due to the fact that these metal coatings were not full 
dense. 
    The influence of processing parameters including external and internal parameters on formation 
of metal coatings was investigated (shown in Fig. 1). High rotation speed accelerated the coating of 
metal powder particles and subsequent formation of metal coatings by increasing the collision 
strength or collision power. A critical minimum collision pressure corresponding to a critical 
minimum rotation speed was required to form continuous metal coatings. With the increase of MCT 
time, more and more metal powder particles coated the surface of Al2O3 balls. With further increase 
of MCT time, continuous metal coatings began to peel off. Metal oxides were easier to form due to 
the air supply in the case of intermittent air introduction. The formed metal oxides coated the surface 
of metal powder particles and metal coatings, which decreased the weldability among them. 
Therefore, the formation of metal oxides is detrimental to the formation of continuous metal coatings 
on the whole. Metal powders with lower electronegativity and better plastic deformability are more 
likely to form continuous metal coatings on Al2O3 balls leading to greater coating thickness. Results 
of this study can predict the possibility of forming continuous metal coatings during mechanical 
coating. Lower electronegativity appears to be a critical requirement for initiating the coating 
process. 
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Fig. 1 Influence parameters of mechanical coating technique. 
    A evolution model of metal coatings during mechanical coating operation is established (shown 
in Fig. 2). According to the model, the evolution of metal coatings can fall into the following stages: 
nucleation, formation and coalescence of discrete islands, formation and thickening of continuous 
coatings, and exfoliation of continuous coatings. 
    Two kinds of interactions exist during the formation of continuous metal coatings. At the initial 
stage of mechanical coating, the adhesion (resulted from the formation of a surface dipole layer 
between metal particles and the surface of Al2O3 balls) and the mechanical interlocking (nano-sized 
metal particles to the surface of Al2O3 balls) are the dominant interaction. With increase in MCT 
time, cold welding between meal particles or metal particle and metal coatings become the main 
interaction. In the last stage, the combined action of the internal stress within metal coatings and the 
external collision stress leads to the exfoliation of continuous metal coatings. 
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Fig. 2 Evolution model of metal coatings during mechanical coating. 
       Based on the established model and relevant equations, the distribution of electric power 
consumption and the energy transfer in the system of planetary ball mill was clarified through our 
experiments and model calculation. Simplified kinetic energy utilization efficiencies of the electric 
motor at 400, 480 and 560 rpm were calculated to be 72.8%, 74.7% and 81.0%, respectively. The 
maximum input electric power and temperature rise were confirmed to appear at the filling ratio of 
35.0 vol.%. The energy transfer efficiency of Al2O3 balls of unit weight and the transferred energy 
by one Al2O3 ball during each collision were calculated to be in the order of 10
-1
 J·g
-1
·s
-1
 and 10
-5
 J, 
respectively. In the case of Cu powder addition, transfer ratio of the kinetic energy of Al2O3 balls 
during collision was greatly increased from 22 ~ 40% to 78 ~ 84%. The collision between Al2O3 
balls and the inner wall of the bowl also got close to perfectly inelastic collision. Exponential 
relations between the required time to form continuous Zn coatings and the collision strength or 
collision power were established. The relations indicated that the required time was determined by 
the energy transfer and its efficiency from Al2O3 balls to Zn powder particles. The relations made it 
possible to estimate the required time to form continuous metal coatings. 
    TiO2/Fe and TiO2/Zn composite photocatalyst films were prepared by MCT. These composite 
photocatalyst films were characterized by XRD and SEM. The photocatalytic activity of TiO2/Fe 
composite photocatalyst films under UV irradiation was evaluation by degrading organic dye 
methylene blue (MB). By introducing Al2O3 impact balls (Φ10 mm) into the mechanical coating 
operation, the loading amounts of TiO2 in the composite films were increased and therefore their 
photocatalytic activity was improved. The photocatalytic activity of TiO2/Fe composite 
photocatalyst films was relatively higher than TiO2/Ti and TiO2/Cu composite films prepared by the 
same method. The deposition and concentration decrease of MB solution with TiO2/Zn composite 
photocatalyst films were found in the pre-adsorption of MB solution. The phenomenon may relate to 
the reductibility of metal Zn. It should be under consideration when the photocatalytic activity of 
TiO2/Zn composite photocatalyst films was evaluated. 
    Although I have studied the mechanical coating with experimental method, it is inadequate to 
understand the phenomena of material transfer and its relevant mechanism as some powerful and 
directly evidences have not been found so far. Therefore, further deep investigation should be 
continued. I will continue the research on the evolution of metal coatings during mechanical coating 
operation with molecular dynamics (MD) simulation in the future. The metal material transfer and 
subsequent adhesion to the surface of Al2O3 balls under different ambient conditions including 
impact force and impact angle will be examined. I will also attempt to prepare other advanced 
coating materials by MCT such as solid solution coatings, nanocrystalline coatings, intermetallic 
compound coatings and amorphous coatings, among others. Furthermore, the improvement on 
photocatalytic activity of TiO2/metal composite photocatalyst films will also be carried out. 
Application research of TiO2/metal composite photocatalyst films will be performed. 
